PCT/DK 2004/0001 69 




Kongeriget Danmark 



Patent application No.: PA 2003 00408 

Date of filing: 1 7 March 2003 

Applicant: Microsound A/S 

(Name and address) Vejls0vej 51 

DK-8600 Silkeborg 

Denmark 

Title: Hearing prosthesis comprising rechargeable battery information 
IPC:- 

This Is to certify that the attached documents are exact copies of the 
above mentioned patent application as originally filed. 



; PRIORITY DOCUMENT 

; SUBNDTTED OR TRANSMITTED IN 
: COMPLIANCE WITH 

RULE17.1'(a)OR<b) 



Patent- og VaremsBrkestyrelsen 

0konomi- og Erhvervsministeriet 




Patent- og Vareim/grkestyrelsen 



17. MAR. 2003 15:58 



A0VOKAT6RUPPEN/PATENTGRUPPEN 



NO. 4991 P. 3 



AAu4, deA 17. nuts 2003 

Dansk 
patentans0gning 



Modtaget 
1 7 MRS. 2003 
PVS 



Titel: 

Hearing PROsriiEsis comprising rechargeable battery information 



Micicosound A/S 
Vejisevej 51 
DK-8600 Silkebois 



Opfindsie: 



Heniik Bagger Olsen 
Vordingborggade 6H 
DK-2100 K0benhavn0 



HentikBendsen 
Gasvaeiksvej 12A. S 
DK- 1656 KDbenhavn V 



Patentgnippens Re£ nr.: 
P03 021DK 



F«cn(gropp6oApS 

Ahoolevardm 3l 
DK-*800QAibusC 
Tel.! -HS 66 19 2000 
Fax:^86l99l91 
E-imul: i»ienl@palcnt^ppeiijlk 



3 



17,MAI1 2003 15:58 AOVOKATGRUPPEN/PATEMTfiRUPPEN MO. 4991 P. 4 

Modtaget 
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* PVS 
Hearing prosthesis comprising recharoeable battery information 

Field of the invention 

5 The presmit invention relates to a hearing prosthesis, whidi comprises memory 
means for storing charging control inforniation associated with chaiging of a 
rechafgeable batti^y cell that functions as a power source for the hearing prosthesis. 
Another aspect of the invention relates to a rechargeable hearing aid system which 
comprises a common commonication interface adapted to trensmit charging comrol 
10 information from the hearing prosthe^s to the charger so as to allow the charger to 
ad ^t its charging parameteats to a variety of different types of rechargeable battmes. 

Background OF THE invention 

1 5 Today's hearing prostheses are typically powered by mmiaturc 1 .3 Volt Zinc-air 
cells (hat have capacities somewhere between 100 and SOD mAh which allows about 
Iwedc of operation of the hearing prosthesis with a typical user's utilisation pattern. 
The large consumption of these one-time battery cells is a significant expense for the 
user of the hearing aid and a hazard for ttie environment FurtiLermore, the Zinc-air 

20 cells posses less than optimal voltage and source impedance characteristics since 
botii of these parameters vary significantly with battery age and temperature. 

DESCRIPTION OF THE INVENTION 

25 According to a first aspect of the invention, there is provided a hearing prosthesis 
comprising 

a microphone adapted to gencmte an input sigiaal in response to received 
acoustic signals. 

a data processor adapted to process the input signal in accordance with a 
30 predetermined processing algorithm to generate a processed output signal, 
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an output tmvdueer for converting the processed ou^ut signal into a user 
perc^vable output signal, 

rechargeable battery connections adapted to receive a rechaigeable battery and 
opeiatively connected to battery chaiging means, and 

connecting means for rcleasabJe connection to an external power source to 
provide charging power for the rechargeable batteiy. 

wherein ihe hearing prosthesis comprises memory means storing charging control 
infoimation associated with chaT:^ngdie rechargeable batteiy. 



The data processor or processing means may coinprise one or several processors and 
its/their associated memory circuitry. THe processor preferably comprises a Digital 
Signal Processor (PSP), which has been adapted to provide signal-processii^ tasks 
required by the ptcdctermined processing algoridim as weH a number of so-called 
household taslcs such as monitoring and handh'ng (he eommunioatton interfiice and 
15 VO signals and ports. The processing means may comprise a commeroially available, 
or even proprietary, microprocessor, which may be adapted to handle the household 
taslcs, which mostly involve logic operations and decision-makfaig. 

The DSP may be a software programmable type adapted to execute the 
20 predetermined processing algorithm to deliver or provide a processed outpm signal to 
the user of the hearing prosthesis. According to ihat embodiment of the invention, 
control of the operation of the DSP is provided by a predetermined set of program 
instractions stored in an associated program RAM area. 

25 TTm algoiithm parameters are preferably intermediately stored in a volatile data 
memory area of the processor tneans such as a data RAM area during eKecutton of 
the main signal-processing algorithm. 

The memory means, which is adapted to store the charging control infonnarion 
30 associated with charging the rechargeable battery pie&rably comprises a aon-volatQe 
memory area such as an BEPROMWlash memory area, or a RAM with a back-up or 
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secondary power supply source. The non*volatiIe memory area secuie$ ihe charging 
control information is retained during power supply interruptions. Power supply 
intemiptions may for example be caused by a discharged rechargeable battery or by 
the removal or replacement of the rechargeable battery. The memory means may 
S advantageously be operalively connected to the data processor and may more 
preferred be the same memory means diat stores the relevant instructions for the data 
processor to perform ihe predeteimined processing algorithm. 

The battery charging means preferably comprises a pair of electrical terminals 
10 located on an ext^or surface of the hearing prosthesis. The pair of electrical 
terminals may be accessible from the housing by a batceiy charger, vrixich conveys 
cfaargmg current and voltage through a corresponding pair of electrical terminals on 
the batc«ry charger. Altematively, the batcery charging means may comprise a 
contaot-fiee power transfisr system between ihe hearing prosthesis and the battery 
15 charger based on near-field electro-magnetic coupling between a coupled pair of 
coils or based on an intensive light source in the battery charge and a photoelectric 
element in the hearing prosthesis. 

The rechargeable battery may comprise a Li-Ion, NiCad or NiMH battery such as a 
20 single NiMH cell with a nominal voltage of about 1.25 Volt and nominal storage 
capacity between 10 and 100 mAh or more preferably between IS and 40 mAh. 

The hearing prosthesis may in a preferred embodiment comprise data communication 
means for releasable establishing data communication with an external uinit. The 

25 Data communication means may, among other possible applications, be used to 
update the charging control information stored in the memory means when a new 
rechargeable battery is installed in the liearing prostihesis. The memory means may in 
a particular embodmient be arranged to commimicate charging control information to 
the mtemal unit by means of the data corrununication means, and the prosthesis 

30 comprises in this embodiment connectit^ means for connecting an externally 
provided charging current to the rechargeable battery connections. 
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It is advantageous if the data processor of the hearing prosthesis furtiiennore is 
adapted to provide charging control instructions to control the operation of charging 
current regulator means in accordance witfi the charging control information so as to 
5 control a charging cycle of the rechargeable battery. The charging current regulator 
may be installed in the hearing prosthesis or more preferably in the charger unit so as 
to reduce the equipment taistalled in the hearing prostfiesis itself, hi that case, the data 
processor is airanged to communicate chargmg control instructions to the external 
unit by means of the data communication means, and the prosthesis comprises 
10 connecting means for releasable connecting an eKtematly provided diargmg cuneni 
to the rechaigeable battery connections. 

According to a prefixed embodiment of the invention, the hearing prosthesis 
comprises charging curront regulator means adapted to charge the rechargeable 

J5 battery m accordance with the charging control hiformalion, and connecting means 
for releasable connection of an external chargiqg power supply to the chargmg 
current regulator. An attractive feature of fliis embodiment is diat battery charger 
may be sunplified to a fixed DC voltage supply. Hie charging curzent regulator 
means may advantageously comprise the processor of the hearing prosthesis and, 

20 optionally, an A/D converter adapted to sample charging voltage and/or current in 
order to control the charging process. In a particular embodiment, an external 
charging control means is employed to control the charging current regulator means, 
and the memory means is arranged to communicate charging control infonnation to 
the external unit by means of (he data communication means and the charging 

25 current regulator means is ananged to receive charging control instroctions from flie 
ratmal unit by means of the data communication means* 

The charging cunreot regulator means may comprise a resistor and processor 
conirollable switch element such as bipolar or MOS transistor, or the chargmg 
30 cunent regulator means may alternatively comprise a pulse width modulator for 
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controlling a magnitude of a charging current applied to the rechargeable battery. 
Other suitable charging cunent regulator means may naturally be employed as well. 

In a particular embodiment of the present inventionj the hearing prosthesis comprises 
5 means for reourrentiiy storing data related to Ae charging and de-charging of said 
rechargeable batteiy in ^*d memoiy means. These historical data may be used to 
determine the optimal charging algorifiun for tiie specific rechargeable batteTy, and 
the data thus become a part of the charging control data or infotmatiott 

1 0 The present invention fbrthennore relates to a rechargeable hearing prosthesis system 
comprising: 

a hearing pros&esis as disclosed above» 

a charger imit having connection means for establishing releasable connection 
to Ae connection means of the hearing prosthesis and means for providing charging 
15 power via said connection means. 

The charger unit may comprise charging control means, which may have a detection 
circuitry for sensing whether or not a hearing prosthesis is connected to the diarging 
circuitry. In particular^ the charging control means of the charger may comprise a 
20 default charging procedure for charging the rechargeable battery of die hearing 
prosthesis in case invalid or no charging control infonnation is received, whereby a 
hearing prosthesis always may be charged, even though the information ftom die 
prosthesis for some reason may not be traiismitted to the chaiger unit 

25 The charger unit may foithermore comprise a DC voltage measuring circuitry for 
determinmg flie DC voltage of a rechargeable battery of a hearing prosthesis 
connected fixereto, and die charging control means is adapted to control the charging 
procedure based on the measured DC voltage or in particular its rate of change ov^ 
time. In pardcular, a derivative of the change of battery DC voltage gv& time is for 

30 several types of batteries an hidication of that the battery is fully charged and die 
charging control means should switch to a trickle charge state to avoid overcharge. 
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An alternative or $iq>plemental stop criteria for the charging process can be based on 
a fixed DC voltage limit of the battery voltage such as a voltage of about 1.45 - 1.52 
Volt for a NiMH cell at room temperature. 

5 In a particularly preferred embodiment of the rechargeable hearing prosthesis system. 
th« charger unit comprises a battery compaitment adapted for holding one or more 
batteries to power the charger unit during charging cycles of a hearing prosthesis 
connected tiieruso. Thus, the charger unit may be used to charge Ae hearing 
prosdiesis regardless of the access to a public electric supply network or mains 
10 outlet. 

Alternatively, the charger unit m^ consist of an inter&ce unit for interfacing the 
hearing prosdiesis with an external power supply for supplying pow«r at a mor« or 
less constant voltage to anodier device, such as a m6bUe telqihone, a mobUe 
15 computo^i a palm pilot, or fiom a standard power oudet in a car. The hearing 
prosthesis may for this embodiment be arranged to measure the incoming voltage 
and adjust ibo control of die curtent regulator as a consequence hereof 

Furthermore, the charger unit may consist of an intetAce unit fer interfacing the 
20 hearing prosthesis with a battery driven external power supply, such as a mobfle 
telephone, a mobile computer, a pahn pilot, eto. The power oonsumptioa for charging 
the hearing prosthesis is insignificant as compared to the power stored in the batteries 
of such devices. 

25 It is fiirthermore advantageous if the charger unit is adapted to reset the data 
processor of the hearing prosdiesis by a reset command sent via ihe data 
communication means. Thereby, errors in die function of the data processor due to a 
rechargeable battery voltage less tiian a safe lower limit may be avoided by securing 
that the predetermined processing algorithm is reloaded from a non-volatile memory. 

30 A particular attractive embodiment of the invention is provided if the charger unit is 
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adapted to momtor the DC voltage of the rechargeable battery and first issue the reset 
cominand when the DC voltage is larger than lower limit 

Brief DEsaamon of the drawings 

5 

Embodiments of the present invention are disclosed wifli reference to the enclosed 
drawing, of which 

Fig. 1 is a schematic diagram of a charging circnit for charging a rechargeable 
10 battery. 

Fig. 2 is a schematic diagram of a prefeired embodimmt of a software programmable 
DSP based hearing prosdiesis system according to the invention, in which the 
charger unit comprises a power supply, 

15 

Fig. 3 is a schematic diagram of an embodiment, in which flie charger unit conqmses 
a power supply and a charging cunent regulator. 

Fig. 4 is a schematic diagram of an embodiment, in which the diarger unit comprises 
20 a power supply, a chaxgmg current regulator and a charging control means, and 

Fig. 5 is a block diagram of a hearing prosthesis according to an embodimrat of the 
present invention. 

25 Detailed DESCRIPTION OF EMBODIMENTS 

A schematic diagram of a typical charging circuit is shown in Fig. 1, comprising a 
power supply 1 for providing a constant voltage and/or a conistant current to the 
charging current regulator 2. The memory means 3 comprises the charging control 
30 infonnation for the specific rechargeable baitery 4 to be recharged. The charging 
control infonnation is transmitted to the charging control means 5, and a DC voltage 
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sensor measures 6 the voltage over the battery 4 and provides an output accordingly 
to the control means 5. The control means 5 provides charging control infonnation to 
the charging current regulator 2 so as to control the operation hereof, based on the 
output of the DC voltage sensor measures 6 and the charging control infonnation. so. 
5 as to control the charging current and/or charging voltages provided ftom Ihe 
charging cuixent regulator 2 to the battery 4. A temperature sensor for measuring the 
temperature of the battery during the recharging operation and producing an output 
accordingly to the charging control means may also be provided- Details of the 
operation of a charging circuit, including examples of charging control information 
10 and charging algorithms for control of the charging operaHons may be found in US 6 
075 339 by Reipur et al. and other sources which are known to the skilled person. 

In Fig. 2, a first embodiment of a sofbvare programmable DSP based hearing 
prosthesis system according to the invention is shown, in which the charger unit 7 
comprises a power supply 1 whidi supplies the hearing prosdiesis 8 via b rdeasable 
connection. Hie charging current regulator 2 is arranged in the hearing prosthesis 8 
and is controlled by the control means 5, which is the digital signal processor DSP 
which also is the signal processor which process the input from the microphone and 
provides an output for an output transducer of the heating prosAesis 8 during normal 
operation of the hearing aid. The charging algorithm infiumation Ibr flie battery 4 is 
stored in the memory means 3 EEPROM of the hearing prosthesis 8, which also 
stores the specific information or set of program faistructions for fb& processing 
algorithm for the DSP fer processing the input from the microphone. 

25 In a relatively simple, and tiius inejqpensive and compact, embodiment, the DC 
voltage sensor may be omitted and the charging algorithm adapted to charge with a 
substantially fixed charging current over a predeteimined time interval to fully 
charge the battery. For a NiMH eel! with a nominal capacity of 15 mAh, the fixed 
charging current may selected to about 1.5 mA for 12-16 hours or about 4.5 mA for 

30 4-5 hours. Preferably, the djarging process comprises a trickle charge state 
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subsequent to the normal charging process to maintain the rechatgeable battery ftally 
diarged. 

fli Fig. 3 a second embodiment is shown, in which the charger unit 7 comprises a 
5 power supply 1 as well as a charging current regulator 2, which is controlled by 
charging control instnictions generated by the DSP 5 of the hearing prosthesis 8 and 
are transmitted to Hie charger unit 7 via a releasable data communication connection. 

fe Fig. 4 a third embodiment is shown, in which ihe charger unit 7 comprises a 
10 power supply 1, a (iM^ag cuirent regulator 2 and a charging control means 5, 
which receives the charging control infimnation fiom flie EBPROM 3 of ihe hearhig 
prosdiesis 8 and are transmitted to the charger unit 7 via a xeleasable data 
I communication ctnmection. 

as A hearing piostfiesia with which the present inventicai maybe employed comprises a 
conventional hearing aid miorophone that receives an acoustic signal fiom a 
sunoundmg listening environment The microphone provides an analogDe input 
signal on tenninal MICIIN of a proprietary A/D integrated circuit. The analogue 
input signal is amplified in a microphone preampUfier and iQtplied to an input of a 

20 first A/D converter of a dual A/D converter circuit con^sing two synchronously 
operating converters of the sigma-delta type. A serial digital data stream or signal is 
generated in a serial interface circuit and transmitted fiom tenninal A/DDAT of ±e 
proprietary AJD integrated circuit to a proprietary Digital Signal Processor circuit 
(DSP circuit). The DSP circuit comprises an A/D decimator which is adapted to 

25 receive ihe serial digital data stream and convert it into corresponding 1$ bit data 
words at a lower sampling rate for further processing in a DSP core. The DSP core 
has an associated program Random Read Memory (program RAM)» data RAM and 
Read Only Memory (ROM). The signal processing of the DSP core is controlled by 
program instructions read from the program RAM. A serial bi-directional 2'Wire 

30 progranuning interftce allows a host programming system to communicate with the 
DSP circuit, over an serial intnftce circuit, and a commercially availsa>le E£PROM 
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to petfonn up/downloading of signal processing algoriduns and/or associated 
algorithm parametos. 
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PaTBNT CLAIMS 

1 . A hearing prosthesis comprising 

a microphone adapted to generate an input signal in response to received 
S acoustic signals, 

a data processor adapted to process the input signal in accordance wiA a 
predetermined processing algorithm to generate a processed output signal, 
! an output transducer for converting fite processed output signal into a user 

perceivable output signal, 
10 rechargeable battery connections adapted to receive a rechargeable batt^ and 

operatively connected to battery charging means, and 

connectiiig means for rdeasable connection to an external power source to 
provide charging power for the rechargeable battdty, 
characterized in that 

IS the hearing prosthesis comprises memory means stormg charging control information 
associated widi chaxiging &e rechargeable battery. 

2. A hearing prosthesis according to claim U wherein said memory means comprise 
non-volatile memory means. 

20 

3. A hearittg prosthesis according to claim 1 or 2* wherein said memory means are 
operatively connected to said data processor. 

4. A hearing prosfliesis according to claim 3, wherein said memory means are 
25 arranged to contain mstiuctions deiBnidg the predetermined processing algorithm. 

5. A hearing prosthesis according to any of the preceding claims, comprising data 
communication means for releasable establishing data communication with an 
external unit. 

30 
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6. A hearing prosthesis according to claim 5, vrherein the memory means is arranged 
to communicate charging control information to the external unit by means of the 
data communication means, and the prosthesis comprises connecting means for 
connecting an mtetnally provided charging current to the rechargeable battety 

S connections. 

7. A hearing prosthesis according to any of claims 1«S, herein the data processor is 
adapted to provide charging control instructions to control the operation of charging 
cuzrent regulator means in accordance with the chargmg control uiformation so as to 

10 control a charging cycle of flie rechargeable battery. 

8. A hearing prosthesis according to claim 7, wherein ^ data processor is arranged 
to communicate charging control instructions to the external miit by means of the 
data communication means, and the prosthesis comprises coimecting means for 

IS releasable connecting an externally provided charging current to the rechargeable 
battery coimections, 

9. A hiring prosthesis according to any of the preceding claims, comprising 
charging current regulator means and connecting means for releasable connection of 

20 an external charging power supply to the charging currait regulator. 

10. A hearing prosthesis according to clahn 9, wherein fl\e memory means is 
arranged to communicate charging control information to the external unit by means 
of the data communication means and the charging current regulator means is 

25 ananged to receive charging control instmctions from the external unit by means of 
the data conununication means. 

U. A heaimg prosthesis according to claim 9 or 10, wherein the charging cun:^ 
regulator means comprises a resistor and processor controllable switch element such 
30 as bipolar or MOS transistor. 



15 



17. MAR. 2003 16:02 AOVOKATGRUPPEN/PATENTGRUPPEN 



NO. 4991 P. 16 



13 

12. A hearing prosthesis accotding to claim 9 or 10, wherein the charging current 
regulator means comprises a pulse width modulator fer controlling a magnitude of a 
charging currant applied to the rechargeable battery. 

5 13. A hearing piosthesis accotding to any of the preceding claims, comprising means 
fiMT lecunwtly storing data related to the charging and de^harging of said 
lecfaarg^ble battery in said memory means. 

14. A rechargeable heating piosthesis system comprising; 
10 a hearing prosAests according to any of claims M3, 

a charger umt having connection means fer establishing releasable connection 
to the comtection means of the hearing prosfliesis and means for providing charging 
pow« via said connection means. 



15 
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15. A rechargeable hearing prosthesis system according to ckim 14. wherein 

the hcarmg prosthesis comprises data communication means for rdeasable 

establishing data communication with the chargerunit, and 

the charger unit comprises a chai^ger data communication means adapted to 

releasable establish data communication with the data communication means of the 



30 



16. A rechargeable hearing prosthesis system according to claim 15. wherein the data 
piocessor of the hearing prosthesis is adapted to provide charging control instmctions 
to control the operation of charging current regulator means in accordance with the 
chatgmg control hifomiation and communicate said charging control instructions to 
the charger m>it by means of the data communicaUon means, and the charger unit is 
adapted to receive the charging control instructions &>m the hearing prosthesis and 
provide a charging current to the hearing prosthesis via the charger unit comicction 
means by means of a charging current regulator means. 



16 



17. MAR. 2003 i6: 02 AOVOKATGRUPPEW/PATENTQRUPPEN 



NO. 4991 P. 17 



10 



15 



20 



14 

17. A rechatgeable hearing prosthesis system according to claim 15, wherein the 
bearing prosthesis is adapted to transmit the charging control information to the 
charger unit by means of the data communication means, and the charger unit is 
adapted to receive the charging control infoimaUon from the hearing aid, the charger 
unit comprising a charging current regulator adapted to provide a charging current to 
flie hearing prosthesis via the charger unit connection means, and charging control 
means adapted to control the operation of die charging current regulator means based 
on die received charging control information. 

18. A rechargeable hearing prasdiesis system accotdiiis to claim 17, wherein die 
chai]giAg control means of the charger eonqnises a microprocessor adapted to control 
the chaiBing current regulator means iand/or die charger data commttnication means. 

19. A rechargeable hearing prosthesis system accoidmg to claim 17 or 18, wherein 
the charging control means comprises a detection circuitry fbr sensing whether or not 
a hearing prosthesis is connected to the charging circuitry. 

20. A rechargeable hearing prosthesis system according to claim 19, wherein the 
charging control means of the charger comprises a defeult chargmg procedure for 
charging die rechargeable battery of die hearing prosthesis in case invalid or no 
charging control infbnnation is received. 



21. A rechargeable hearing prosthesis system according to any of claims 16-20, 
wherein die charger unit comprises DC voltage measuring cireuitry for determining 
25 die DC voltage of a rechargeable battery of a hearing prosthesis connected fliereto, 
and die charging control means is adapted to conttol the charging procedure based on 
die measured DC voltage. 



22. A rechargeable hearing prosdiesis system according to any of claims 14-21, 
30 wherein the charger unit comprises a battery compartment adapted for holding one or 
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more batteries to power the charger unit during charging cycles of a hearing 
prosthesis connected thereto. 

23. A rechargeable hearing prostbesia system according to any of claims lS-22» 
5 wherein the charger unit is adapted to reset the data processor of the hearing 
prosthesis by a command sent via Ike data communicatiott means. 
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